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Abstract 
Appropriate description and implementation of internal part traceability in manufacturing is a complex task. Accurate and real-
time traceability from a part, or a part feature, to a manufacture, storage, or transport issue is essential to efficient and high-
quality operations. With the increasing amount of machine status and product quality information coming from the 
manufacturing lines, certain questions arise. When there is a problem with the process or product quality what information can be 
utilized to enable effective traceability to the foundry batch lot? Also, what aggregate information values are needed to enable 
real-time problem solutions? In this paper a systems-based approach is used to propose a method to define and implement 
internal part traceability in two participating foundries.  
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1. Introduction 
Traceability is essential for corrective actions and for implementation of continuous improvement activities at a 
manufacturing facility.  The usage of traceability is not just restricted to applications such as recall, proof-of-quality, 
etc. A number of day to day applications can be found in logistics, legal, quality etc. related activities.  
 
Application in case of part recall 
A product recall could be voluntary when the company chooses to recall the product prior to governmental 
intervention, or involuntary after an external agency orders such an action. [1] For example, Japanese car 
manufacturers needed to recall over eight  million vehicles containing seat belts manufactured by Takata 
Corporation that had a safety defect [2] The cost of recall can include [1] 
1. The total internal and external costs of recall in labour and materials. 
2. Loss of the use of key personnel and resources during recall. 
3. Damage to the company’s reputation, which may affect its future sales. 
 
The use of traceability data during a product recall is perhaps the most prominent application of traceability. The 
aspect of traceability is to facilitate minimization of costs and other adverse effects that might result from a recall. In 
Available online at www.sciencedirect.com
13 The Authors. Published by Elsevier B.V.
ction and/or peer-revi w under respon ibility of Georgia Institute of Techn logy
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
434   Rhythm S. Wadhwa and Terje K.Lien /  Procedia Computer Science  16 ( 2013 )  433 – 439 
the event of a recall, traceability data is supposed to enable precise identification of the affected parts in question 
from among the universe of product population. 
 
Part liability prevention 
In addition to reducing the risk of part liability claims by recalling the non-conforming parts, a company can use 
traceability data to provide evidence in the event of part liability claim. 
 
In the EU, the producer shall not be liable if he proves that: 
 He did not put the product to circulation, or 
 With regard to circumstances, it is probable that the defect which caused the damage did not exist at the 
time when the product was put into circulation by him or that this defect came into being afterwards, or 
 That the product was neither manufactured by him for sale or any form of distribution for economic 
purposes nor manufactured or distributed by him in the course of his business. 
Furthermore, according to this directive 
The rights conferred upon the injured person pursuant to this directive shall be extinguished upon the expiry of a 
period of ten years from the date on which the producer put into circulation the actual product which caused the 
damage, unless the injured person has in meantime instituted proceedings against the producer. 
 
Quality and Process-Improvement 
Kendrick [3] suggests that part history can be used to improve quality, e.g., through root-cause defect identification. 
In addition to quality improvement, traceability can likewise be used to identify the factors affecting the efficiency 
of the manufacturing processes and facilitates process improvement. Both the above authors put emphasis on the 
fact that traceability enables problem identification which might otherwise go un-noticed.  
 
Additional Applications 
Traceability has traditionally been connected to management of crisis situations like part recalls and part liability 
cases. However, the literature review shows that the possibility for the use of traceability is very wide.  A number of 
important uses of traceability can be found in the proof-of-quality applications, contractual disputes, logistics 
applications and security applications where traceability is used to identify counterfeit and illegal items.  
 
Enablers in traceability 
A number of technical and organizational factors enabling traceability can be identified from literature. The 
increasing applications of RFID (radio frequency identification) technology, which has been extensively applied in 
the fields of logistic, supply chain, warehousing, retailing and transportation. Chow [4] provides an opportunity to 
realize accurate data acquisition in manufacturing systems. Mc Farlane [5] describes the research done in this field. 
Plant-wide information systems can enable quick and easy entry and analysis of data. As the technical setting 
impacts the application of traceability data, the organizational setting affects the overall success and acceptance of 
the system. Literature suggests the importance of user acceptance, motivation and training is important for 
implementing traceability. [6] 
The rest of the paper is organized as follows: following a review on internal traceability, the usage requirements of 
an internal traceability system at an iron foundry are presented. The foundry control plan is described followed by 
two foundry case studies.  
2. Internal Traceability 
Internal traceability is related to the ability to trace product information internally within a company, and has 
typically the following characteristics (1) It is within one company and at one geographical location. (2) It gets a lot 
of information from the production management systems. (3) There are few privacy issues. Many companies have 
good routines and software systems for keeping track of internal traceability. This kind of software is often linked 
with dedicated production management software and general Enterprise Resource Planning (ERP) systems.  
 
Internal traceability is defined as the ability to trace product information internally within a company. Based on 
the traceability information requirements, a foundry manufacturer, for example, is supposed to develop a control 
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plan with all process details and raw materials along with the tools being used. This control plan is to be approved
by the customer by means of technical audit. This is a very important initial step to start with in any product 
development. This control plan becomes the basis on which quality system is developed. It indicates various
processes the part undergoes, the parameters to be controlled at each process check point (circled in Figure 1).
Fig. 1. Sample data capture check points (circled) for an iron foundry process
A control plan also gives various values of parameters within which it needs to be controlled, frequency of checks,
composition of the melt, sand properties, core sand properties, recycling metal properties, recycling sand properties,
critical dimensions, reference surface, mechanical properties, and any other special customer requirements. This
eventually leads to process control, which is the basis for product consistency.
Various mechanisms are needed to develop this traceability system, such as standards, employees and procedures.
The desired outputs would depend on the type of product and the stakeholder. In general, various documentations
such as production practices, validation certificates, safety and quality assurance would be the desired outputs of the
traceability system.
The first step in developing an internal traceability system is the determination of the traceability plan by the
manufacturing process stage. The inputs of this step are the regulatory need, which is obtaining the STEP AP203,
STEP AP242 and QIF compliance. The personnel for the traceability team could be selected from a variety of 
different backgrounds and departments in the manufacturing company. The traceability plan should be clearly
defined in a consistent format and should include information such as what data needs to be recorded and shared
with other stakeholders in the process. It should also define the measures of success and the precision required. The
output of this process is a traceability system manual that defines the procedure for implementing the traceability
plan.
A traceability system manual is be used to implement the plan. A relational database management system is used to
implement the traceability plan. There is only one database for all the part related information. The users can enter
the relevant part data in the database system. Both batch quality and machining and dimensioning activity data
corresponding to a part batch must be recorded. The relational database system connects the data about incoming
parts, the internal plant activities and the outgoing part batches. Traceability in terms of part movements within the
storage elevator and part mixing at assembly for customer shipments is more important than identification of lots.
After this step an implementation report is generated. This report would consist of a detailed description of the 
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database system and its use. 
 
The performance of the traceability system would be evaluated in this process. This would consist of evaluating the 
performance of the traceability database in terms of the efficiency of the system to react rapidly in a customer 
requirement non-conformance crisis. The performance reports and audit reports are the output of this action.  
 
Validation is required to ensure that the system is performing as defined by the traceability plan. After the 
traceability system has been validated, the STEP AP203, STEP AP242 and QIF compliance can be achieved. Other 
documentations for production practices, Quality Management Systems and system validation certificates can be 
generated. Proof of customer satisfaction would also be a desired output of the traceability system development 
process. 
 
Maintenance of the traceability system is a crucial step in the whole process. Maintenance is required to keep the 
system functional and for continuous improvement. This is a continuous process and the traceability plan should be 
modified according to the changes in regulations, customer demands or any other factors that cause a change in the 
business process. The subsequent steps would need to be carried out again every time there is a change in the 
traceability plan. Developing such models can give the organization an overview of various steps that are required to 
accomplish the task of developing and implementing a traceability system. 
3. Usage Requirements of Internal Traceability System 
The Use Case diagrams are closely connected to scenarios. A scenario is an example of what happens when 
someone interacts with the system. One of the most important goals of defining system requirements is to have 
synchronization among the requirements of all actors involved. A Use Case diagram depicts the following: 
 
• Use cases: A use case describes actions that provide something of measurable value to an actor. 
 
• Actors: An actor is a person or organization that plays a role in one or more interactions with the system.  
 
• Associations: An association exists whenever an actor is involved with an interaction described by a use  
case. 
 
• System boundary: The boundary indicates the scope of the system. Figure 2 shows the Use Case diagram  
for the foundry internal part traceability system.  
 
The following use case examples are defined and different actors are associated with each use case: 
 
 Record Traceability Practices: The foundry manufacturer should be able to record the raw material 
batch, part processing, automated machining and handling processes used by them internally in the 
facility. 
 
 Record Machine Status: The operator working on the part should be able to record (depending on the 
downstream and final customer requirements) the manufacturing processes and parameters used in the 
system. Depending on the machine it may include heat lot number, metal batch number, holding time 
etc. 
 
 Authenticate Claims: The manufacturing system and its users must be able to use the data stored in the 
system to authenticate their claims based on the data stored.  
 
 Comply with Customer Regulations: Using the traceability system, the manufacturing system users 
should be able to retrieve data to show that the manufacturing processes comply with the customer 
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requirements. 
 
 Protect Integrity of Company: The system users must be able to protect the integrity of their company 
name through the traceability in the system. For example, if the part is claimed to be produced under 
controlled process parameters the system should support traceability to those parameter values, if there 
is a need for the same.  
 
 
Fig. 2. Data capture check points (circled) for an iron foundry process 
4. Control Plan 
A traceability control plan should be defined in a standard format and should include information such as what data 
needs to be recorded and shared with other stakeholders in the manufacturing process. It should also define the 
measures of success and the precision required. The inputs of this step are the regulatory requirements. Standards 
such as AS9201A, the Quality Information Framework (QIF) and others either define traceability as an element or 
have elements within them that would be traced to.  
 
Control plan based on the following lines in an aluminium foundry. In case of observed deviations from the 
above core production method there must be a reaction plan of action in place. A traceability control plan should be 
defined in a standard format and should include information such as what data needs to be recorded and shared with 
other stakeholders in the manufacturing process. It should also define the measures of success and the precision 
required. The inputs of this step are the regulatory requirements. Standards such as AS9201A, the Quality 
Information Framework (QIF) and others either define traceability as an element or have elements within them that 
would be traced to.  
 
The control plan remains the focal point for inspection to customer specifications, during production. This applies 
both to the cast part, and to the core production. Critical to quality parameters are specified in the control plan and 
the frequency is predetermined for these checks. This enables the foundry and the customer to trace, a batch or a 
specific part that is non-conforming during assembly or in use. 
 
A central database management system is used to implement the traceability plan. There is only one database for the 
relevant part related information. The users can enter the concerned part data in the database system. Both batch 
quality and machining and dimensioning activity data corresponding to a part batch must be recorded. The database 
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system connects the data about incoming parts, the internal plant activities and the outgoing part batches. 
Traceability in terms of part movements within the in-process buffer automated storage and part mixing at assembly 
for customer shipments is more important than identification of shipment batches. After this step is complete, an 
implementation report and quality plan would be generated. This implementation report would consist of a detailed 
description of the database system and its use, and the quality plan to support part manufacturing operation 
parameter traceability.This would consist of evaluating the performance of the traceability database in terms of the 
efficiency of the system to react rapidly in a customer requirement non-conformance event. Maintenance of the 
traceability system is a crucial step in the whole process. Maintenance is required to keep the system functional and 
provide for continuous improvement. The traceability plan should be modified according to the changes in 
regulations, customer preferences, or any other factors that cause a change in the corporate manufacturing process. 
The subsequent steps would need to be carried out every time there is a change in the traceability plan.  
5. Case Study 
Company 1 
The necessity of developing a traceability system originates from the regulatory need. The model is decomposed to 
show all the steps involved. The model is adapted for an in-process part storage elevator that handles special parts 
and is looking to obtain quality certification such as STEP AP203, STEP AP242, AS9201A, and the Quality 
Information Framework (QIF). Obtaining such a certification becomes an input for the traceability system in this 
case.  
 
 
Fig. 3. The finishing area investigated 
 
At the participating foundry, the finishing cell supporting plant-wide part traceability consists of an ABB foundry 
robot, CNC machine, vision system and an automated storage racks. An operator enters the part numbers coming in 
from production to the human machine interface (HMI) while the bins are stored in the rack. The storage bin 
contains the following five categories of bins: completely filled with un-machined parts, partly filled with un-
machined parts, empty containers, partly filled with machined parts ready for the subsequent downstream operation 
and completely filled with machined parts. The HMI requests for production status updates every 10 minutes from 
the ERP. It checks if it has the un-machined parts to produce fulfill the downstream request.  
 
Company 2 
Company 2 has an advanced computer system to identify their OEE figures. All workstations in the enterprise are 
connected to computers that record cycle time, downtime, maintenance, etc. When a workstation powered by an 
operator takes longer than a cycle intended and expected the operator must enter a reason code for this, as is 
maintenance.  
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The computer system logs all activities and prepare a list of workstations and calculates OEE numbers 
automatically. All this enables the company at all times have full control over all workstations. They have chosen to 
divide the OEE figure for availability in two categories, one for maintenance and one for the adjustment of the 
workstation, the difference between these two is who is responsible for this downtime. During maintenance, the 
maintenance department responsibilities, and by adjustment of the workstation, the operator is responsible. 
 
Customers demand that a satisfactory OEE report from the foundry. It allows the customer to ensure that the 
foundry has the capacity they require. The foundry must then make a report with information about the availability, 
performance and quality. To ensure that the foundry has given realistic OEE figures, it happens that clients come 
with stopwatch and measuring times and see that the data corresponds with that stated in the report. Using the 
software, the foundry can be sure that they get good and reliable data when creating report. 
 
4. Conclusions 
Implementation of a traceability system in the manufacturing process is a complex task. Several problems exist at 
different stages throughout the process. In order to achieve traceability goals the manufacturing firms should focus 
both on internal plant traceability. Determination of the usage requirements of the traceability system is the first step 
in implementing the system. Each manufacturing subprocess should determine their traceability plan based on the 
driving factors like the regulatory need, business need and the customer preferences. Relational database 
management system could be used to implement internal traceability system by each process step. All batch 
manufacturing information should be recorded in a centralized database system and only relevant lot/batch 
information should be passed on to the next link in the process. Additional information can be requested by the 
authorized users (such as regulatory agencies) in case of a part non-conformance. This additional information should 
be provided in a timely manner.  
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